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30ipHuK MaTepiamiB  KOH(EPEHIii MICTUTh TE3W JIOMOBIZEH HAYKOBUX
JOCIDKEHh 32 aKTyaJbHUMHM TMpoOJieMaMH Y Taly3sX, BIJIHECEHUX [0
3arajJbHONPUUHSTOrO TepMiHa «IHmycTpist 4.0».

PosrnsHyTi TMTaHHA MaTEeMAaTHYHOTO 1 KOMII'FOTEPHOTO  MOJEIIOBaHHS;
VIOpaBIiHHSA, OOpOOKM Ta 3axucTy I1HQoOpMaLii; MPOEKTYBaHHS 1H(MOPMALITHUX
CUCTEM 1 TMPOTPaMHUX KOMIUIEKCIB; IITYYHOTO 1HTENIEKTY; aBTOMAaTH3alli
pOOOTOTEXHIYHUX CHCTEM; KOMITHOTEPHUX TEJICKOMYHIKAUIMHUX MEpEex Ta
TEXHOJIOT1H; aBTOMAaTH3allli Ta YNPaBIIHHS TEXHOJOTIYHUMHU MPOILIECAMH; HOBHUX
1H(hOpMAIIHHUX TEXHOJIOT1H B OCBITI.

PesynpTaTi IOCHIKEHD TPEACTABISAIOTH COOOI0 CBOEPIAHHUI 3pi3 Cy4acHOTO
CTaHy CIPaB y MepPepaxoBaHUX Taly3siX 3HAHb, SIKU MOKE JOIMOMOTTHU SIK (axXiBIsM,
TaKk 1 CTyJA€HTaM BHIIIB CKJIACTH 3arajbHy KapTUHY PO3BUTKY 1H(GOpMAIITHUX
TEXHOJIOT1H Ta MOB’SI3aHUX 3 HUMH IMUTAHb.
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MuxkostaeBa (OBHHI CITUCOK YYacHHKIB-OpraHi3aiiiii quBucs Ha ctp.11). HasBHicTh y
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30ipHUK Te3 sIK 3aci0 KOMyHIKAIlil Mi’K BUCHUMU PI3HUX KpaiH.

30ipHUK pO3paxOBaHO HA HAYKOBUX TIPAIlIBHUKIB, BUKJIAJadiB, AaCIIPAHTIB,
CTYJICHTIB BUIIIMX HABYAIBHHUX 3aKJIiB, SIKI HAMAralOThCs JI3HATUCS TIPO CyYaCHUN
ctaH Hayku B |IT-ramy3i Ta TeHACHINI pO3BUTKY Taly3ed aBTOMaTH3allli
TEXHOJIOTIYHUX TpoleciB Ta poboroTexHiku. Ll iHpopmaris wMoxe OyTu
BUKOPUCTAHA JJIs BUPINIEHHS MUPOKOro Kojia Mpo0sieM B 3a3HaY€HUX pO3/iiax, M0
BUHUKAIOTH SK B HaBYaJIbHOMY TIPOIIECi, TaK 1 B JOCIIJIHUIILKOMY 1 HayKOBOMY
TUTaHAX.

PekomenyioBano no mnyOmikamii Buenoto Panoro IHcTHTYTYy KOMIT'IOTEpHUX
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Pucynox 1 — Ilpuknanu ¢ppakraabHuxX jgaHamadTis

s dpakranbHOi cerMenTanii 300pakeHb OyJI0 3aIpONOHOBAHO Ta PEaIi30BaHO HACTYITHUH aITOPUTM.
Crio4atky 0OYHMCIIOIOTHCS JIOKAIbHI (pakTaabHI PO3MIPHOCTI 300payKEHHS 3 PO3MIPOM KOB3AKYOr0 BiKHA,
mo Bigmosinae macmraby © =13 715 j 11 (B 3amexHOCTI Bim po3Mipy 300pajkeHHs, B CEPEIHEOMY
po3mip BikHa 15x15 mikceniB). Jlani gparMenTtam 300paskeHHS, 1[0 MAKOTh OJTHAKOBI JIOKaJIbHI (PpaKTaJIbHI
PO3MIPHOCTI IPUCBOIOIOTH OHAKOBHHI Koiip. Ha pucyHKky 2 300pakeHo pe3ynmbTaT cerMeHTauii 300pakeHb

JaHamagTiB, HABSJICHUX BIAMOBIIHO HA PUCYHKY 1.

Pucynoxk 2 — CermeHnTartist 300paykeHb JanamadTiB, HABEJCHUX Ha PUCYHKY 1

B poboti po3pobieHo mporpaMHHil MOAYJb, IO JO3BOJSIE BHUKOHATH (pakTaJbHY CErMEHTALilo
300pa)keHb Ta MPOBEIEHO CETMEHTAII0 PALY 300pakeHb JaHa(TIiB PiI3HOTO THITY.
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SOFTWARE COMPLEX FOR OBTAINING PHASE PORTRAITS IN THE STUDY OF
STABILITY OF MATHEMATICAL MODELS OF CYBER-PHYSICAL SYSTEMS OF MEDICAL AND
BIOLOGICAL PROCESSES
VASYL MARTSENYUK', OKSANA BAHRII-ZAIATS?

(bagrijzayats@tdmu.edu.ua), ANDRIY SVERSTIUK?

! University of Bielsko-Biala, Department of Informatics and Automatics, (Poland)
2 |. Gorbachevsky Ternopil National Medical University of MH of Ukraine, (Ukraine)

Based on the developed models and methods of compartmental mathematical modeling of Cyber-
Physical Systems of medical and biological processes, a set of computer programs for studying their stability
has been created, which can be used both separately and as additional specialized software for Cyber-
Physical Biosensor Systems.
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In recent years, a huge amount of research has been associated with the development of rapid methods
of analysis that are highly available and have a sufficient level of sensitivity and selectivity. The possibility
of miniaturization of such analytical devices presents a particular interest. Biosensors and immunosensors
are the most characteristic representatives of analytical systems that combine these qualities [1-2]. The aim
of the study is the computer simulation of the immunosensor on a rectangular lattice using differential
equations with a delay in the R packet.

The software package for the study of phase diagrams of Cyber-Physical Biosensor Systems (CPBSS)
consists of the following main software modules and units: input and identification of input parameters of
CPBSS models, the decision-making unit on the stability of CPBSS and the visualization unit. A software
package for the study of CPBSS phase diagrams using the R package (http://www.r-project.org/) has been
developed. The block diagram of the software package for the study of the stability of CPBSS is shown in
Fig. 1. The software module for studying of the dynamic behavior of CPBSS consists of blocks for obtaining
bifurcation and phase diagrams.
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Fig. 1. Block diagram of the software package for the study of phase diagrams CPBSS.

The results of numerical modeling of the developed mathematical models of Cyber-Physical Systems
(CPS) of medical and biological processes in the form of bifurcation and phase diagrams of antigen
populations against antibodies are obtained, using the software package for the study of phase diagrams of
CPBSS.

A detailed description of the mathematical model of the immunosensor on a rectangular lattice using
differential equations with delay is presented in [3-5].

The results of numerical simulation of the immunosensor on a rectangular lattice in the form of
phase planes. In order to obtain the results of numerical simulation of the immunosensor on a rectangular
lattice using differential equations with delay, the values of the parameters of the immunosensor model on a
rectangular lattice using differential equations with delay are introduced. The names of the model
parameters, their numerical values, as well as the representation of parameters and their numerical values in
the package R are determinants in the computer program "Investigation of the phase planes of the
immunosensor model on a rectangular lattice using differential equations with delay".

Fig. 2 shows the result of the introduction of a mathematical model of the immunosensor on a
rectangular lattice using differential equations, which has the form
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dv, ()

(] A

L (1R, (08, (- OV, 0+ S
dF, (1) ’ @
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where V, ; (t) — is the concentration of antigens in the immunopixel; F.;(t) — the concentration of
antibodies in the immunopixel; B — the fertility constant for antigen population; y — the probabilistic rate of
neutralization of antigens by antibodies; T — the constant of delay in time, when the immune response
comes; &, — the rate at which the population of antibodies tends to a certain limit saturation; o, — the rate at

A
which the population of antigens tends to a certain limit saturation; S — spatial diffusion operator between

adjacent pixels; my — probabilistic rate of immune response to increasing antigen density; pu, — antibody
mortality constant.

i s - P T e TR
(R File Edit Packages Windows Help

library(deSolve)
library{rootSolve)

#libraries for visualization
library(ggplot2)
library(reshape)

Fl

# setting parameters
¥

N <- 16#4%16

beta <- 2.

gamma <- 2. #2

mu_f <- 1.

etha <- 0.8/gamma #0.01184/gamma
delta_v <- 0.5 #0.035 #0.7

delta £ <- 0.5 #0.0175 #0.2

tau <- 0.23#0.28725#0.287#0.2825%0.2865
D <- 0.2

Delta <- 0.3
n <- 0.9 #1.

e e

endemic "identical"™ steady state

WV_ij_star <- (-beta®delta f - gamma * mu_fjl(de;ta_v * delta f - etha * gamma *gamma)
F ij_star <- (delta v * mu f - =tha * gamma * beta)/(delta_v*delta_f - etha*gamma*gamma)

print (V_ij_star)
print (F_ij_star)

finding endemic steady state

as a result of solution of
system of N nonlinear algebraic
egquations

Fig. 2. Representation in the package R x64 3.5.2 of the mathematical model of the immunosensor on a
rectangular lattice using differential equations with delay and the corresponding parameters.

e e e e e

The behavior of model (1) in the form of phase diagrams at T=0.05, t=0.23, 1=0.2865, at the
values of the parameters presented above (Fig. 3 (a - ¢)) is analyzed.

Pixel 1 2 Pixel 12 Pixel 1 2
2.0 —
34
1.54
2 21
w w
1.04
14
0.54 I 04
1 2 3 2 4 0 2 4 6
V12 V12 V12
a) b) c)

Fig. 3. Phase diagrams of system (1) for antibody populations Fi, i
relative to antigen populations V, ; att1=0.05 (a), t=0.23 (b), T=0.2865 (c):
11— initial state; o — identical steady state; ® — non-identical steady state.
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Analyzing the phase diagrams of antigen populations relative to antibodies (Fig. 3 (a)), we can
conclude that for t=0.05 the solution of system (1) tends to a non-identical endemic state, which in this
case is a stable focus. For t &[0, 0.22] trajectories corresponding to a stable node (Fig. 3 (a)) are observed.

At values T close to 0.23min Hopf's bifurcation occurs (Fig. 3 (b)). For values T greater than
0.2865 min we observe chaotic behavior (Fig. 3 (c)).

Conclusions. A set of computer programs for the study of phase diagrams has been created, which can
be used both separately and as additional specialized software for CPBSS, which makes it possible to study
the phase planes of the model of the immunosensory system on a rectangular lattice using differential
equations using the R package. This also takes into account the presence of antigen and antibodies colonies,
that are localized in pixels, as well as the diffusion of antigen colonies between pixels.
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MATHEMATICAL AND INFORMATION MODELS FOR SOLID FUEL BURNING WITH A TWO
PHASE GASIFICATION AREA

VOLKOV V., MAKOYED N., LOBODA YU., SOKOLOVA O. (viktor@te.net.ua)

Odessa I.1. Mechnikov National University (Ukraine), Odessa National Academy of Food
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The problems of mathematical modeling of the solid fuel combustion with two-phase gasification zone
are considered. Mathematical model for solid fuel combustion is constructed taking into account the possible
instability of the process. Such mathematical model leads to new information model for the burning of solid
fuel. This model can be used to control the propellant combustion process.

Automated control systems for the burning of solid fuels are aimed in many cases to prevent or
suppress possible explosions. It is known that instability is the cause of the flame autoturbulization [1] and
its acceleration [2]. In turn, acceleration of the flame causes its transition to explosion [3,4]. So it is
necessary, when constructing a mathematical model of liquid fuel combustion, to take into account the
possible instability of flame.

The problem of hydrodynamic stability of combustion waves is a classical theoretical problem of fluid
mechanics, which is still topical [5]. The main combustion model for studies of the solid fuel combustion
stability is a model in which solid fuel, as a result of decomposition, passes directly into the gas phase and
then instantly burns [6]. But in many cases, solid fuel during decomposition does not decompose according
to the “solid phase — gas” scheme, but according to the “solid phase — liquid phase — gas” scheme [7,8]. The
presence of a thin liquid film located on the gasification surface of the fuel solid phase plays sometimes a
significant role [9].

For example, it is the liquid film, which separates the solid and gas phases that causes the negative
erosion effect or the Vilyunov — Dvoryashin effect [9]. This effect is that under certain conditions, the
burning rate decreases, when the fuel surface of a fuel is blown in a parallel flow. Various attempts to
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CenbkiBebknit BeeBonon Mukomnaiiosud, 11.7.H., npodecop, YKkpaiHChKa akaieMist IpyKapcTBa

Cepreesa Onekcanapa €Brenisua, JI.T.H., Ipodecop, 3aB.kad., Onecbka HallioHaIbHA aKaJeMisi XapuOBHX TEXHOJIOTIH
Cupopxko Irop IBanoBuy, npoBianuii irokenep, Jepxasue [linqnpuemcto «JIbBiBCTaHAAPTMETPOIIOTIS

Cipenko Omekcannp [BaHOBHY, cTaprmii BuKiIagad, OJecbka HalllOHABHA aKaJIeMisi XapYOBUX TEXHOIOT1H
CkakoBcrkuit FOpiit MuxaiinoBud, K.T.H., 1oneHT, Ofechbka HalioHaJbHa aKaJgeMis XapuoOBHX TEXHOJIOTIH
Ckupcbkuii Irop BacuiiboBuu, cryneHT, BiHHUIbKHI HAIIOHATIBHUI TEXHIYHUN YHIBEPCHUTET

CkopusikoBa OnieHa BosioiumupisHa, Bukianad, Opecskuii Texaiunuii konemx OHAXT

Coxomnora Oxkcana [leTpiBHa, crapimii Bukiagad, Oecbka Hal[lOHAIbHA aKaIeMisl XapUOBUX TEXHOIOT 1
Comnory6 Kocrsiutun Banepiiiouy, Bukinanad, BCII «Onechkuii Texniunuii haxosuit koemx OHAXT»
Crapuupkuii [1arno BanepiitoBuy, acniipant, BiHHUIbKHMI HAlllOHATBHUI TEXHIYHUN YHIBEPCUTET

CranicnaBuk Slpocnas ['eopriiioBny, ctyneHT, Onecbkuii HalllOHAIbHUI MOJITEXHIYHUH YHIBEPCUTET

CrenanoB Muxaiinn TumodeeBny, K.T.H., TOIeHT, OJjecbKa HaIllOHAIFHA aKaeMisl XapYOBUX TEXHOJIOT1H
Crenyn Aprem Mapripocosid, cryneHT, Onechka HaIliOHAIBHA aKaaeMis Xap4OBUX TEXHOJIOTIH

Credpannmun Poman FOpiiioBud, cryneHT, HamioHnamsHII yHIBepcHTET «JIpBIBChKA MOTITEXHIKA

Crincekuit Bitamniit BnanucnaBoswd, ctyaeHTt, OnechbKui HaIllOHAIBHUH MOMITEXHIYHUHN YHIBEPCHTET
CromakeBnd AHzpiit OnekciiioBud, K.T.H., qoueHT, Omeckka HalioHa bHa akaaeMis 3B°s13ky iM. O.C. [Tomosa
Cy66ortina O.B., H.c., [HCTHTYT KibepHeTHKH iMeHI B.M. I'mymikoBa HAH VYxkpainu

Cyunima FOmian IOpilioBuy, K.T.H., 3aBigyBau BijaiieHHsM, «Onecbkuil TexHiuHui paxoBuit konemx OHAXT»
Cymnima FOmnis €BreniiBaa, Bukianad, BCIT «Onecbkuit TexHiunui paxopuit konemx OHAX Ty

Tumuenko Makcum MakcuMoBHY, cTyIeHT, HanioHaapHa MeTanypriiiHa akaaemis Y kpaiHu

Turypenko Xanna AunpiiBHa, crynentka, OnecbKka HallloHaJ bHA aKaJeMisi XapuOBHUX TEXHOJIOTTH

Tkauenko P. O., HauionansHuii yHiBepcuret "JIbBiBChKa MOJITEXHIKA"
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Txauyk Anacracis [laBiiBHa, cTyeHTKa, BIHHMIIBKUI HalliOHANBHUA TEXHIYHUI YHIBEPCUTET

Tonop Mukona MukonaitoBuy, actipant, Ojiecbka HallioHaJIbHA aKaJeMisl Xap4OBHX TEXHOJIOTIH

Tpimmua ®enip AHaroniiioBud, K.T.H., ToeHT, OJicchKka HaIllOHAJIbHA aKaJIeMisl XapYOBUX TEXHOJIOT1i

Tiopina €preniss OmnexcanapiBHa, acucreHT, HarioHanpHMH TexHiYHMIT yHiBepcureT Ykpainun «KuiBchbkuit
MOJITeXHIYHUH 1HCTUTYT iMeHi [ropst CikopchKoro

VYukapenko Onekcannp OneroBud, K.T.H., TOLEHT, HalionanbHuid yHiBepcuTeT KopabiedynyBanHs iM. aaM. MakapoBa
Qaitazunsoepr Jleonin ColoMOHOBHY, [I.T.H., Tpodeccop, MiKHApOAHNI HAYKOBO-HaBYAIBHUHN HEHTp iHGOpMAaIiitHX
texHoJorii i cucreM HAH i MOH VYkpainu

®denocor Cepriit Hukudoposnd, 1.¢pm.H., mpodecop, Onechka HalliOHAIbHA aKaeMis XapuOBHX TEXHOJIOTIH

®enyn [nHa BacumniBHa, cTyieHTKa, YHIBEpCHUTET AepkaBHOI BicKanbHOI CiTy:k0n YKpaiau

®Dowmin A. O., OnecbKuii HaITIOHATHHUH MOJITEXHIYHAN YHIBEPCUTET

XandeBchbkuii BrnamucmaB AHmpiiioBud, ctyaeHT, Omecbka HallioHAbHA aKaJeMisl XapuoBUX TEXHOJIOTTi

Xapaxam Onexcannp BsiuecnaBoBud, crynent, Onecbka HalliOHAJIbHA aKaJieMisl Xap4OBUX TEXHOJIOT1H

Xapkesuu Kupuiio AnapiiioBud, cTyieHT, BIHHUIBKNI HalliOHAIBLHUH TEXHIYHNIN YHIBEPCUTET

XobuH Bukrop Anapeesud, 1.T.H., ipodecop, Onechka HalllOHAIbHA aKaJeMisi XapYOBUX TEXHOJIOT i

Xomaba Onekcannp MupociaBoBHY, K.T.H., JIOIICHT, BIHHUIIPKUI HAIlIOHAIEHUHN TEXHIYHUN YHIBEPCUTET

Yan Amnina Jle Banisua (Chan A. L. V.), ctynentka, BiHHUIIbKUI HAIIIOHATBHIH TEXHIYHUN YHIBEPCUTET

Yarmmiaceknit FO.I1., k.1.H., c.H.c, [HCTUTYT KibepHeTHKH iMeHI B.M. I'nymkoBa HAH Ykpaian

Yepuuwes Cepriit ['ennaniiioBuy, cryneHt, HamionansHuii yHiBepcHTET «3aropi3bka MojgiTeXHiKa»

UYepanmmoB KoctsuTiH AHAPiHOBUY, acmipanT, BIHHUIbKUIT HAIliOHANBHUH TeXHITHUN YHIBEPCUTET

UYepnaoBonuk "annna OnexcanapiBHa, K.T.H., TOIEHT, BIHHUIBKUHA HAIllOHATBHIN TEXHIYHIN YHIBEPCUTET

Uexmectpyk P. 1O., 3D Generation UA (Ykpaina)

[abarypa 10.B, HauionanbHa akajiemist CyXOMyTHUX BifChK

[Bers Banepiit TumodiitoBud, a.¢pm.H., mpodecop, Oxechka HalliOHATbHA aKaJAeMisl XapUOBHX TEXHOJIOTIH

[Hepmryn Onexcanap OnekcaHAPOBHY, CTYACHT, O/lechbKa HalliOHATBHA aKaIeMis XapuOBHUX TEXHOJOTIH

[ectomanmo Cepriit BikropoBud, K.T.H., 1oneHT, Ofeckka HalliOHAJIbHA aKaJIeMis XapuOBHUX TEXHOIOTIH

[Imamrox B. A., BIHHUIIbKHN HAI[IOHATLHUN TEXHIYHUNA YHIBEPCHTET

[mraKoBChknit OnekcaHap AHATONIHOBHY, K.T.H., JOICHT, O/1eChKIIT HAIIIOHAEHIH MOJITEXHIYHUH YHIBEPCHTET
ymexenko Cepriit CepriiioBud, acmipanT, HarioHaTpHAHN YHIBEpPCUTET «3amopi3bKa MOTITEXHIKa»

SlkoBeHko ApreM AHaToOJIHOBHY, CTyJeHT, HarioHaibHUi TeXHIYHHUN yHIBEpCUTET «XapKiBChKHI IMOJITEXHIYHUH
THCTUTYT»

SnakoB Banepuii IletpoBuu, K.T.H., J0UEHT, MEIUTONOJBCKNNA HHCTUTYT TOCYJAPCTBEHHOTO W MYHHIIMIIAJIBHOTO
yrpasieHus Kiaccuieckoro 4acTHOrO YHHUBEPCUTETA

Sposwii Irop IBaHOBHY, K.T.H., BUKJIaga4y, MexaHiko — TexHonoriuaunid konemk OHAXT

Spomyk Jlronmuna Jlem’siHiBHA, K.T.H., A0leHT, HarmionanbHuMH TexHiuHMH YyHiBepcuteT Ykpainum «KuiBchbkuit
MOJTITEXHIYHUN THCTUTYT iMeHi [ropst CiKopchbKOT0»

Antipova Kateryna, YopHOoMOpChKHif HalliOHATBHAN yHiBepcuTeT iMeHi [letpa Mormmm

Anton Paramonov, K.T.H., 1o1eHT, JloHeIIpKNii HallioHATBHNH yHiBepcuTeT iMeHi Bacwusa Cryca

Borysova Natalia Volodymyrivna, k.T.H., foueHT, National Technical University “Kharkiv Polytechnic Institute”

D.V. Khramchenkov, National Research Nuclear University (Russia)

Koltunovych O.S., cryaent, JIyibkuil HAIllOHAIBHUN TEXHIYHUN YHIBEPCUTET

Kovalenko Igor, YopHOMOpCcEKHI HanioHaIEHUH yHIBepeuTeT imMeHi [lerpa Mornmm

Liashko Anastasia, Philosophy Doctor of Technical Sciences, National University of Life and Environmental Sciences
of Ukraine

Lipunov D. A., /IBH3 "IIpna3zoBcbkuii qep>kaBHUN TEXHIYHUH yHiBepcuTeT"

Loveikin Viatcheslav, Doctor of Technical Sciences, National University of Life and Environmental Sciences of
Ukraine

Maik V. Z., Ykpaincbka akajgeMis ApyKapcTBa

Melnyk Karina Volodymyrivna, k.T.H., nouenT, National Technical University “Kharkiv Polytechnic Institute”

Potokii M.S., crynenrtka, HamionansHuii yHiBepeuteT "JIbBiBChKa MOJTITEXHIKA"

Romanyuk Sergey, BiHHUIIbKHIT HAIlIOHATBHII TEXHIYHUN YHIBEPCUTET

Romasevych Yurly,Associate professor, National University of Life and Environmental Sciences of Ukraine

Sanko [.V., HamioHanpHHUN TeXHIYHUHA YHIBEPCHTET «XapKiBCHKUU MOMITEXHIYHAN THCTUTYT

Shved Alona, HopHOMOpPCHKHIA HalliOHATBFHUN yHIBepcuTeT iMeHi [letpa Morumm

Vasyl Martsenyuk, PhD, Associate professor, University of Bielsko-Biala, Department of Informatics and
Automatics , (Poland)

Vyatkin Sergey, Institute of Automation and Electrometry SB (Russia)

Yaroslav Isaienkov, student, Vasyl' Stus Donetsk National University

Yershova Svitlana Ivanivna, senior lecturer, National Technical University “Kharkiv Polytechnic Institute”
Zatserkovnyi R. G., YkpaiHcbka akajeMist IpyKapcTBa
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